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(54) Liquid-resistant pa per board tube, and method and apparatus for making same 



(57) A paperboard tube is rendered resistant to liq- 
uid by coating portions or all of the tube with submicron- 
sized particles of inorganic material that are treated to 
be hydrophobic and/or oleophobic. The particles can be 
applied directly to the paperboard, lodging in surface 
pores such that the particles adhere to the paperboard. 
Alternatively, a light coating of a tacky binder or adhe- 
sive can first be applied to the paperboard and then the 



particles can be applied such that they adhere to the 
binder. Preferably, the particles have a large surface ar- 
ea per gram; in one embodiment, for instance, silica par- 
ticles are employed having a surface area of about 
90-130 m 2 /g. As a result, the particles create a surface 
on the paperboard that is highly repellant to liquid. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to paperboard 
tubes, and more particularly relates to liquid-resistant 
paperboard tubes and to methods and devices for mak- 
ing such tubes. 

BACKGROUND OF THE INVENTION 

[0002] Paperboard tubes are widely used for various 
purposes. Such tubes are used, for example, as cores 
onto which paper, film, or textile webs are wound to form 
rolls. They are also used as containers for various types 
of products, as load-bearing structures, and as forms for 
making structures of concrete. Paperboard tubes can 
achieve great strength and are relatively inexpensive to 
manufacture. One difficulty associated with them, how- 
ever, is that exposure of the paperboard to liquid can 
drastically impair the strength and even the integrity of 
the tubes. In some uses of paperboard tubes, the tubes 
may be required to withstand immersion in water or ex- 
posure to water-containing compositions for a substan- 
tial period of time without losing integrity. Accordingly, 
paperboard tubes that may be exposed to liquid during 
storage or use are often treated to make the tubes re- 
sistant to liquid. Waxes, silicones, and fluorinated coat- 
ings have been used on paperboard tubes for imparting 
some degree of liquid resistance. These types of treat- 
ments, however, typically do not adequately protect the 
tubes against complete immersion in water for pro- 
longed periods of time. 

SUMMARY OF THE INVENTION 

[0003] The present invention addresses the above- 
noted needs and achieves other advantages, by provid- 
ing a paperboard tube that is rendered resistant to liquid 
by coating portions or all of the tube with submicron- 
sized particles of inorganic material that are treated to 
be hydrophobic and/or oleophobic. The particles can be 
applied directly to the paperboard, lodging in surface 
pores such that the particles adhere to the paperboard. 
Alternatively, a light coating of a tacky binder or adhe- 
sive can first be applied to the paperboard and then the 
particles can be applied such that they adhere to the 
binder. Preferably, the particles have a large surface ar- 
ea per gram; in one embodiment, for instance, silica par- 
ticles are employed having a surface area of about 
90-130 m 2 /g. As a result, the particles create a surface 
on the paperboard that is highly repellant to liquid. 
[0004] The particles preferably are applied to the tube 
by passing the tube through a cloud of the particles with 
a high enough concentration that the particles complete- 
ly coat the paperboard surfaces of the tube. Advanta- 
geously, the tube can be passed through an enclosure 
in which the cloud of particles is contained. If desired, 



the tube can be coated with a tacky binder prior to pass- 
ing the tube through the enclosure. After the tube exits 
the enclosure, excess loose particles can be removed 
from the tube, such as by vacuum, and can be recycled 
5 back into the enclosure. The apparatus for treating the 
tube preferably is operable to maintain the concentra- 
tion of particles inside the enclosure between predeter- 
mined minimum and maximum values. 
[0005] In accordance with an alternative method of 
10 the invention, a liquid-resistant paperboard tube is made 
by applying a tacky binder to one side of a paperboard 
ply, wrapping a plurality of paperboard plies one upon 
another and adhering the plies together to form a tubular 
body wall, wrapping the paperboard ply having the tacky 
15 binder onto the tubular body wall and adhering the ply 
thereto such that the tacky binder is disposed on an out- 
er surface of the tube, and applying submicron-sized 
particles of inorganic material to the tube such that the 
particles adhere to the tacky binder and form a liquid- 
20 resistant coating on the outer surface of the tube. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

25 [0006] The present invention now will be described 
more fully in the following description of preferred em- 
bodiments of the invention. This invention may, howev- 
er, be embodied in many different forms and should not 
be construed as limited to the embodiments set forth 

30 herein; rather, these embodiments are provided so that 
this disclosure will be thorough and complete, and will 
fully convey the scope of the invention to those skilled 
in the art. 

[0007] In accordance with the present invention, a pa- 
35 perboard tube is manufactured generally in a conven- 
tional fashion by spirally or convolutely wrapping a plu- 
rality of continuous strips or plies of paperboard around 
a forming mandrel and adhering the plies together with 
a suitable adhesive. A belt spirally advances the tube 
40 along the mandrel as the continuous plies are wrapped, 
so that a continuous paperboard tube is formed. The 
manufacture of such paperboard tubes is well known in 
the art and hence is not described in further detail here- 
in. 

45 [0008] Once a paperboard tube of the desired diam- 
eter is formed on the mandrel, the tube is typically ad- 
vanced along the mandrel to a cutting device where it is 
cut into lengths appropriate for the intended application 
to which the tubes are to be put. In other cases, however, 

so the continuously formed tube on the mandrel may be 
cut into lengths longerthan required for the ultimate end 
use of the tube, and these longer tubes, sometimes 
called parent tubes, may subsequently be cut into short- 
er lengths. 

55 [0009] The paperboard tubes may be treated in ac- 
cordance with the invention to make them liquid-repel- 
lant either before or after cutting the tubes into the de- 
sired lengths for the end product. However, if the tube 
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is treated and is then cut into shorter lengths, the cut 
end surfaces of the shorter tubes must then be treated 
to make them liquid-repellant. 

[001 0] The process for treating a paperboard tube to 
make it resistant to water in accordance with the inven- 
tion entails applying to all exposed surfaces of the tube 
a coating of particles of an inorganic material that are 
treated to be hydrophobic. The particles advantageous- 
ly are submicron-sized particles. The particles prefera- 
bly comprise silica; submicron silica powder is common- 
ly called fume silica, or silica fume, in the art. Examples 
of suitable hydrophobic fume silica that can be used with 
the invention are the Aerosil products R972, R972V, 
R974, R974V, and R976 available from Degussa Cor- 
poration. In a preferred embodiment, the fume silica has 
an average particle size of about 1 6 nm. 
[001 1 ] The coating of particles on the surfaces of the 
paperboard tube can be thin. For example, a coating of 
about 3 to 4 mils thickness is adequate to render the 
tube repellant to liquid water. 

[0012] If desired, the coating of particles can be ad- 
hered to the paperboard surfaces by first applying a light 
coating of a tacky adhesive, and then applying the par- 
ticles. It is believed that a tube treated in this manner 
may be most robust and able to withstand complete im- 
mersion in water, compared to a tube that does not in- 
clude the tacky adhesive. 

[0013] In some applications, however, it may be suf- 
ficient to apply the coating of particles directly to the pa- 
perboard surfaces of the tube. Because paperboard on 
a microscopic level has a very rough surface with many 
pores the submicron-sized particles can lodge in the 
surface and be retained there. Thus, it may be possible 
to omit the tacky adhesive. 

[001 4] In accordance with one preferred embodiment 
of the invention, a paperboard tube is treated to be wa- 
tc resistant by passing the tube through an enclosure 
or cn^moer in which a cloud of airborne fume silica par- 
ties «s present. The concentration of particles in the 
ct-arrbc can be regulated by a suitable system so that 
there nrc sufficient particles to achieve the desired thick- 
ness of coating on the tube. For example, a sensor (e. 
g rin optical sensor or the like) can be used to detect 
the concentration of airborne panicles, and a device for 
feodnq particles into the chamber can be regulated in 
a 'ccdoack loop based on the signal from the sensor. 
[0015] The chamber preferably includes an inlet 
th ough which the tube is passed into the chamber, and 
ar outlet from which the tube exits the chamber. Suitable 
seals are used at the inlet and exit to prevent particles 
from escaping Once the treated tube exits the chamber, 
excess loose particles can be removed from the tube, 
such as by vacuum, and can be recirculated back into 
the chamber, if desired. The chamber preferably is con- 
nected to a circulation system that continually scaveng- 
es particles from the chamber and feeds new particles 
into the chamber, so that continuous air movement 
keeps the particles airborne inside the chamber. 
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[0016] If a tube treated in this manner is subsequently 
cut into shorter lengths, the cut ends of the tubes must 
then be coated with the particles to render the ends wa- 
ter-resistant. Various methods can be used for applying 

5 the particles on the cut ends. For instance, a closed bag 
containing fume silica powder can be provided. The bag 
can be formed of a porous material that allows particles 
to escape through the material, similar to a rosin bag. 
The bag of fume silica can be patted against the cut end 

to of a tube to coat the cut end with particles. Alternatively, 
the cut end of the tube can be inserted into a container 
of fume silica and agitated against the powdered fume 
silica. 

[0017] Other methods can be used for applying the 
15 coating of particles on the surfaces of the paperboard 
tube. The invention thus is not limited to any particular 
method for applying the particles. 
[0018] The invention has been described with refer- 
ence to a water-resistant tube treated with hydrophobic 
20 particles. However, it will be appreciated that an oil-re- 
sistant tube can be provided in an analogous manner 
by coating the tube with particles that are treated to be 
oleophobic. 

[0019] Many modifications and other embodiments of 
25 the invention will come to mind to one skilled in the art 
to which this invention pertains having the benefit of the 
teachings presented in the foregoing descriptions. 
Therefore, it is to be understood that the invention is not 
to be limited to the specific embodiments disclosed and 
30 that modifications and other embodiments are intended 
to be included within the scope of the appended claims. 
Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 

35 

Claims 

1. A liquid-resistant paperboard tube, comprising: 

40 

a body wall formed of one to a plurality of pa- 
perboard plies wrapped into a tubular shape 
and adhered together; and 
a liquid-resistant coating of submicron-sized 
45 particles of inorganic material covering at least 

a portion of the body wall, the particles being 
treated to be repellant to liquid. 

2. The liquid-resistant paperboard tube of claim 1, 
50 wherein the particles are attached directly to paper- 
board surfaces of the body wall by lodging in sur- 
face pores of the paperboard surfaces. 

3. The liquid-resistant paperboard tube of claim 1, 
55 wherein the particles are attached to the body wall 

by an intermediate layer of adhesive. 

4. The liquid-resistant paperboard tube of claim 1, 
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wherein the particles comprise silica. 

5. The liquid-resistant paperboard tube of claim 4, 
wherein the particles have an average diameter of 
about16nm. 5 

6. The liquid-resistant paperboard tube of claim 1, 
wherein the body wall comprises a plurality of pa- 
perboard plies wrapped one upon another and ad- 
hesively joined together. 10 

7. The liquid-resistant paperboard tube of claim 6, 
wherein the paperboard plies are helically wrapped 
about an axis of the body wall. 

15 

8. A method for treating a paperboard tube to render 
the tube resistant to liquids, the method comprising: 

forming a cloud of airborne submicron-sized 
particles of inorganic material treated to be re- 20 
pellant to liquid; and 

passing the tube through the cloud such that 
particles of the inorganic material adhere to the 
tube and form a liquid-resistant coating there- 
on. 25 

9. The method of claim 8, wherein the cloud of parti- 
cles is formed inside an enclosure. 

10. The method of claim 8, wherein a coating of a tacky 30 
binder is applied to at least a portion of the tube prior 

to passing the tube through the cloud of particles, 
the particles adhering to the tacky binder when the 
tube is passed through the cloud. 
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